The synthesis of 5H-benzimidazo [1,2-d] [1,4] benzodiazepin -6(7H)-ones 3a-e from readily available 2-(2-aminophenyl)-1H-benzo[d]imidazole derivatives 2a-e and 2-bromoacetyl bromide under microwave conditions is described. Unambiguous structural elucidation of the obtained regioisomers was finally established by means of 2D-NOESY experiment.
Introduction
Seven-membered heterocyclic ring represents an area of considerable interest mainly due to its interesting pharmacological properties. 1, 2 Among them, undoubtedly the [1, 4] benzodiazepine skeleton has been one of the most studied, and commonly associated with central nervous system depressive effects. 3 The [1, 4] benzodiazepine framework is nowadays linked with antitumoral activity, in such sense pyrrolo [1, 4] benzodiazepine B, 4, 5 On the other hand, the benzimidazole unit is the key building block for a variety of derivatives that are known to play crucial roles in the functions of a number of anticancer, antimicrobial and antiviral compounds among others. [8] [9] [10] [11] [12] [13] However, to the best of our knowledge, there are just a few works reporting the synthesis of benzimidazole rings fused to a [1, 4] benzodiazepine framework. 14, 15 Skalitzky and co-workers described the synthesis of 5,6-dihydroimidazo[4,5,1-jk] [1, 4] benzodiazepin-7(4H)-one derivatives A ( Figure 1 ) with a potent cytotoxic activity. 16 The benzimidazo-benzodiazepinone framework 3a (R=H) was first reported by Duncan et al 14 . Years later Cherkaoui et al 15 , reported just the isolation of 3a as an intermediate in the route to triazolobenzodiazepine derivatives. This compound was obtained by a condensation reaction between 2-bromoacetyl bromide and 2-(1H-benzimidazol-2-yl) aniline, under drastic heating conditions and long reaction times. As a part of our medicinal chemistry project aimed at the synthesis of potential anticancer agents, 17 we are interested in to extend the studies towards the synthesis of novel 5H-benzimidazo[1,2-d] [1, 4] benzodiazepin-6(7H)-one derivatives 3a-e under microwave-promoted conditions. Given that microwave-assisted reactions take place at rates dramatically enhanced over classical heating, providing increased yields and lower side reactions, 18, 19 we therefore decided to probe microwave stimulation as environmentally friendly protocol. The structure of the target compounds have been unequivocally established by 1 H NMR, 13 C NMR and 2D-ROESY (rotating-frame Overhauser spectroscopy) experiments.
Results and Discussion
The synthesis of 5H-benzimidazo[1,2-d] [1, 4] benzodiazepin-6(7H)-ones 3(a-e) has been accomplished according to the sequence displayed on scheme 1. Equimolar reaction of commercial substituted o-phenylenediamines with 2-nitrobenzaldehyde in ethanol afforded the corresponding benzimidazoles 1(a-e) in high yields (80% -90%). Subsequent nitro group reduction of 1a-e derivatives was efficiently accomplished using iron powder in a mixture of concentrated HCl, ethanol and water (0.25:1:1), obtaining the corresponding 2-(1H-benzimidazol-2-yl)aniline derivatives 2a-e in good yields (70-80%). The condensation reaction between 2-(1H-benzimidazol-2-yl)aniline derivatives 2a-e and 2-bromoacetyl bromide, was carried under microwave irradiation (300 W) in anhydrous THF and sodium carbonate. The reactions were successfully completed at 1 to 6 minutes when a white precipitated was formed and the presence of a new compound was corroborated by thin layer chromatography.
It should be noted that although benzimidazole precursors 2b-d could exist under two tautomeric forms, only the single obtained benzimidazo benzodiazepine regioisomers 3b-d were obtained. These results suggest that the thermodynamic more stable tautomer will probably determine the course of the reaction. As expected, conformational analysis carried out by ab initio studies on intermediate ii (scheme 2) confirmed the presence of an intramolecular hydrogen bonding between the amide and the NH of the benzimidazole ring.
Besides, the regiochemistry of the nucleophilic attack could yield either the 5H-benzimidazo [1,2- level of theory with a set of basis 3-21G) performed in Gaussian assigned a significantly higher nucleophilicity to the aniline in 2a-e compared to the benzimidazole. This suggested that the obtaining of structure 3a-e is favored over structure 4. In fact, the following spectroscopic observations confirmed this expectation: i) the IR (KBr) spectrum of compounds 3a-e exhibited the typical amidic carbonyl group absorption (1660-1680 cm -1 ) in accord with amides 3a-e rather than 4. This may be attributed to the low amidic character exhibited by isomer 4; ii) the 1 H NMR of 3a-e derivatives displayed a singlet for one proton in the amidic region (δ= 10.55 -11.01 ppm) and a singlet for two protons at δ= 4.74-5.14 ppm, that can be assigned to NH-5 and to the methylenic protons on C-7, respectively. On the other hand, coupling between the methylene hydrogens and the NH are expected if the structure of compounds was consistent with 4.
More information supporting the proposed structures of compounds 3a-e arouse from a set of two complementary experiments. First, a 2D NOESY experiment clearly showed the presence of a through-space NOE effect between the aromatic H-4 and the NH in 3d, as shown in figure 2 . Second, two complementary decoupled 1D 1H homonuclear spectra for 3d were recorded. When the NH proton (d, 10.67 ppm) was irradiated, the H-4 signal, (dd, 7.49 ppm) collapsed, supporting the NH/H-4 connectivity. Additionally, when the 9-H nucleus was irradiated (s, 7.91 ppm) the 7-CH 2 signal (d, 4.96 ppm) collapsed, supporting the 9-H /7-CH 2 connectivity. All the above theoretical and experimental evidence support the proposed structures 3a-e. The fast microwaves-promoted cyclization gave the target compounds in good yields; with reaction times between 1 and 6 minutes ( Table 1) . As a result, we have developed a rapid, simple microwave-promoted synthesis of novel 5H-
The structures of the obtained regioisomers were deduced and supported from the inspections of complete spectroscopic data.
Experimental Section
General. All organic solvents used for the synthesis were of analytical grade. Melting points were determined on a Stuart Scientific SMP3 apparatus and are uncorrected. IR spectra were recorded on a Brucker Vector 22 spectrophotometer using KBr discs. 1 H and 13 C NMR spectra were obtained on a Brucker APC-200 spectrometer using tetramethylsilane as internal reference. 
5,6-Dimethyl-2-(2'-nitrophenyl)-1H-benzo[d]imidazole (1e

